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mrRODucTioii. 

The  City  of  Park  Bidge,  Cook  County,  Ill- 
inois, is  situated  on  the  Wisconsin  Division 
of  the  Chicago  and  northwestern  Railway  and  is 
thirteen  miles  northwest  of  the  Chicago  and 
northwestern  Railway  Terminal.  The  eastern 
city  limits  of  Park  Ridge  is  the  western  city 
limits  of  the  City  of  Chicago,  Park  Ridge  was 
incorporated  as  a  city  under  the  State  Laws  of 
Illinois  in  the  year  1910, 

Owing  to  the  fact  that  the  City  is  just 
outside  of  Chicago,  its  population  has  increased 
considerably  in  the  last  few  years,  and  in  all 
prolialJility  will  continue  at  oven  a  greater 
rate  during  the  next  twenty  to  twenty-five  years, 
as  the  City  is  only  residential.  The  present 
population,  according  to  the  latest  school  cen- 
sus, was  at out  three  thousand  five  hundred,  com- 
posed largely  of  Chicago  "business  men. 

The  municipality  has  a  water  system  which 


partially  satisfies  its  present  demands, and 
consists  of  two  deep  well  plunger  pumps, pump- 
ing from  deep  artesian  wells  into  a  Chicago 
Bridge  and  Iron  Works  Standard  100,000  gal* 
elevated  tank  against  a  head  of  100  feet; 
8900  feet  of  six  inch  cast  iron  water  mains 
and  60,1E0  feet  of  four  inch  cast  iron  water 
mains  with  a  limited  numljer  of  fire  hydrants 
and  gate  valves. 

It  is  the  purpose  of  this  thesis  to  de- 
sign an  economical  water  system  for  future 
growth;  this  design  to  utilize  the  present 
mains  as  far  as  possilile.  In  the  design,  the 
population  will  "be  allowed  for  in  an  approved 
population  per  acre  method,  and  an  average  per 
capita  water  consumption  will  "be  assumed,  The 
amount  of  consumption  will  "be   seperated  into 
three  periods.  1st,  the  present  consumption, 
End,  an  assumed  consumption  for  the  end  of  ten 
years,  3rd,  a  maximum  consumption  for  the  fu- 
ture growth  of  the  City, 
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DESIGN  OF  WATER  SUPPLY  SYSTEM 
FOR  PARK  RIDGE,  ILLIUOIS. 


The  Work  Proposed  is  to  Contain: 


I.  Map  of  the  Present  and 
Proposed  Water  Mains, 


II,  Determination  of  Water  System, 

1,  Distribution  of  Population. 

2,  Distribution  for  Preasure  Main, 

3,  Design  of  the  Distributing 

System, 

4,  Location  of  Hydrants  and 

Gate  Valves, 


III,  Investigation  of  the  Present  Supply, 


IV,  Investigation  of  the  Future  Supply, 

1,  For  10  year  Growth, 

2,  For  Full  Growth  and  Extend- 

ed City  Limits, 


V,  Investigation  of  the  Capacity  and 
Size  of  the  Storage  Tank, 

1,  Present  Demand, 

2,  Ten  Year  Demand, 

3,  Full  Growth  to  the  Extended 

City  Limits. 
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II.   DETEMIUATIOU  0¥   WATER  SYSTEM. 

1.  Distribution  of  Population :- 

A  quar- 
ter section  of  residence  district  will  usually 
be  diTided  into  eight  blocks  of  five  acres 
each.  Each  block  will  ordinarily  be  subdivided 
into  twenty-four  fifty  foot  lots.  An  average 
population  distribution  for  a  residence  dis- 
trict of  this  type  may  be  based  on  a  plan  of 
five  people  to  each  fifty  foot  lot.  Under  this 
assumption  an  average  value  of  twenty  five 
people  to  the  acre  will  be  used. 

The  daily  per  capita  water  consumption 
in  a  purely  resident  district  is  taken  as  one 
hundred  and  ten  gallons.  It  is  assumed  that  this 
one  hundred  and  ten  gallons  per  capita  will 
be  required  during  only  ten  of  the  twenty  four 
hours.  Under  these  assumptions,  the  required 
pipe  capacities  may  be  calculated.  This  va- 
lue gives  a  quantity  of  2750  gallons  per  a- 
cre  per  ten  hour  day  for  all  built  up  sections 
and  as  the  system  is  a  gravity  system  with 
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an  average  head  of  100  feet  at  the  pumping 
station,  the  minimum  pressure  head  to  te  al- 
lowed at  any  fire  hydrant  is  assumed  to  te 
60  feet* 

2.  Distriljution  for  Pressure  Main:- 

The  map 

showing  the  present  water  system  was  worked  up 
tefore  any  definite  designing  was  undertaken. 
The  distribution  of  the  pressure  was  next  as- 
sumed "by  referring  to  the  atove  map  and  select- 
ing the  system  that  would  most  likely  give  the 
highest  terminal  pressures.  When  this  system 
had  teen  worked  out,  the  areas  supplied  ty 
each  pressure  main  was  measured  and  the  requir- 
ed discharge  calculated. 

The  areas  enclosed  within  the  assumed  ex- 
tended city  limits  of  the  City  has  teen  divid- 
ed into  five  sections.  The  water  required  for 
each  part  will  "be  supplied  ty  a  pressure  main 
leaving  the  central  pumping  station  and  carry- 
ing water  to  each  section  of  the  city.  Section 
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one  will  include  the  area  lying  within  the 
following  "boundary:  Beginning  at  the  inter- 
section of  Western  Avenue  extended  and  Sitley 
Avenue  extended,  thence  east  on  Sit ley  Avenue 
extended  to  Greenwood  Avenue  extended,  thence 
south  in  Greenwood  Avenue  extended,  to  the  in- 
tersection of  Park  Avenue,  thence  southeast 
in  Park  Avenue  to  the  intersection  of  Center 
St.,  thence  west  in  Center  St.  to  the  inter- 
section of  Cumberland  Ave.,  thence  south  in 
Cumberland  Ave.  and  Cum'berland  Ave.  extended 
to  the  south  city  limits,  thence  west  on  the 
south  city  limits  extended  to  the  intersection 
of  Western  Ave.  extended,  thence  north  in  West- 
ern Ave.  extended.  Western  Avenue  and  Western 
Avenue  extended  to  the  point  of  beginning. 

Section  two  will  include  the  area  lying 
within  the  following  "boundary:  Beginning  at 
the  same  point  of  "beginning  as  descrilied  aliove 
for  section  one,  namely,  the  intersection  of 
Western  Avenue  extended  and  Si"bley  Avenue  ex- 


tended,  thence  north  on  Western  Avenue  ex- 
tended to  the  north  city  limits  extended, 
thence  east  on  the  north  city  limits  to  the 
intersection  of  Washington  Street  extended, 
thence  south  on  Washington  Street  extended 
and  Washington  Street  to  the  intersection  of 
Washington  and  Center  Streets,  thence  west  on 
Center  Street  to  the  intersection  of  Park  Av- 
enue, thence  northwest  in  Park  Avenue  to  the 
intersection  of  Park  Avenue  and  Greenwood 
Avenue  extended,  thence  north  in  Greenwood 
Avenue  extended  to  the  intersection  of  Si^bley 
Avenue  extended,  thence  west  in  Sibley  Ave- 
nue extended  to  the  point  of  beginning. 

Section  three  will  include  the  area  lying 
within  the  following  "boundary:  Beginning  at 
the  intersection  of  Washington  Street  extended 
and  the  north  city  limits,  then  east  on  the 
north  city  limits  to  the  intersection  of  the 
east  city  limits,  thence  south  on  the  east 
city  limits  to  the  intersection  of  Park  Ave» 
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thence  northwest  on  Park  Avenue  to  the  inter- 
section of  Center  Street,  thence  east  on  Cen- 
ter Street  to  the  intersection  of  Washington 
Street,  thence  north  on  Washington  Street  and 
Washington  Street  extended  to  the  point  of 
"beginning* 

Section  four  will  include  the  area  lying 
within  the  following  'boundary:-  Beginning  at 
the  intersection  of  Prospect  Avenue  and  Center 
Street,  thence  west  in  Center  Street  to  the 
intersection  of  Cumlierland  Avenue,  thence  south 
in  Cumljerland  Ave.  and  Cumberland  Ave,  extend- 
ed to  the  intersection  of  the  south  city  lim- 
its, thence  east  on  the  south  city  limits  to 
the  intersection  of  Crescent  Avenue  extended, 
thence  north  in  Crescent  Avenue  extended  to 
the  intersection  of  Belle  Olaine  Avenue, 
thence  east  in  Belle  Plaine  Ave,  to  the  inter- 
section of  South  Washington  Avenue,  thence 
north  in  South  Washington  Ave.  to  the  inter- 
section with  the  C.  &  N.W.  H.R.,  thence  north 
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west  along  the  center  line  of  the  C.&lil.l. 
railroad,  to  the  intersection  of  Prospect 
Avenue,  thence  north  in  Prospect  Avenue  to 
the  point  of  "beginning. 

Section  five  will  include  the  area  lying 
within  the  following  boundary:  Beginning  at 
the  intersection  of  Park  Avenue  and  Prospect 
Avenue,  thence  southeast  in  Park  Avenue  to  the 
east  city  limits,  thence  south  along  the  east 
city  limits  to  the  intersection  of  the  south 
city  limits,  thence  west  along  the  south  city 
limits  to  the  intersection  of  Crescent  Avenue 
extended,  thence  north  in  Crescent  Avenue  ex- 
tended to  the  intersection  of  Belle  Plaine 
Avenue,  thence  east  in  Belle  Plaine  Ave.  to 
the  intersection  of  South  Washington  Avenue, 
thence  north  on  South  Washington  Ave.  to  the 
intersection  with  the  C.&H.W.R.R. ,  thence 
northwest  along  the  center  line  of  the  C.&U.W, 
R.R.  to  the  intersection  of  Prospect  Avenue, 
thence  northeast  in  Prospect  Avenue  to  the 


-  11  - 


point  of  ■beginning. 

Section  one,  containing  475  acres  which 
require  1,300,000  gallons  per  ten  hour  day, 
will  te  supplied  "bj   a  new  15"  pressure  main 
and  is  to  "be  comliined  with  the  old  6"  main  now 
laid  in  Center  St,  The  16"  main  will  start  at 
the  pumping  station  and  extend  west  in  Center 
St.,  to  the  intersection  of  South  Clifton  Ave, 
and  Center  St,  Beginning  at  the  intersection 
of  South  Clifton  Avenue  andCenter  St,  a  12" 
pressure  main  will  extend  to  the  intersection 
of  Greenwood  Ave,  and  Center  St,  This  main  will 
supply  the  part  of  Section  one  lying  west  of 
Cumlierland  Ave,  which  contains  425  acres  re- 
quiring 1,170,000  gallons  per  ten  hour  day. 
One-eighth  mile  of  10"  and  one-eighth  mile  of 
8"  pipe  will  extend  from  Greenwood  Ave,  to 
Western  Ave,  A  6"  pressure  main  will  leave 
the  atove  descriljed  main  at  Center  Street  and 
Clifton  Ave,  and  extend  south  in  Clifton  Ave. 
to  the  intersection  of  the  4"  main  now  laid 
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in  Clifton  Ave.  This  main  will  serve  as  a 
pressure  "booster  for  the  4"  main  now  laid  in 
that  district.  Beginning  at  Greenwood  Avenue 
and  west  to  Western  Ave,,  suli-mains  will  ex- 
tend from  Center  St,  pressure  main  south  to 
intersect  a  6"  main  to  "be   put  in  Chicago  Road 
to  extend  from  the  intersection  of  Chicago 
Road  and  south  city  limits  to  the  intersection 
of  Chicago  Road  and  Western  Avenue  extended. 
Each  of  these  sut -mains  with  the  exception  of 
the  main  provided  in  Greenwood  Ave,,  will  sup- 
ply the  strip  of  area  one  tlock  wide  and  ex- 
tending from  Center  Street  to  Chicago  Road# 
The  main  in  Green  wood  Avenue  will  supply  in 
addition  to  this  strip  the  area  included  with- 
in the  following  boundary;  Beginning  at  the 
intersection  of  Greenwood  and  Belle  Plaine 
Aveaues,  thence  east  on  Belle  Plaine  Ave,  to 
the  intersection  of  Cumberland  Ave,,  thence 
south  on  Cumberland  Ave,  extended  to  the  in- 
tersection of  Chicago  Road,  thence  northwest 
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in  Chicago  Road  to  the  intersection  of 
Greenwood  Ave.  extended,  thence  north  in  Gr 
Greenwood  Avenue  extended  to  the  point  of 
"beginning.  All  of  these  suli-mains  will  te 
5"  mains  with  the  exception  of  the  Greenwood 
Avenue  main,  which  will  "be   an  8"  main.  Four 
inch  lateral  mains  are  to  "be  fed  "by  this  sys- 
tem of  pressure  to  give  the  required  quan- 
tity of  water  to  each  lot  and  the  required 
pressure  at  all  fire  hydrants. 

Section  two,  containing  480  acres,  requir- 
ing 1,320,  000  gallons  per  ten  hour  day,  will 
te  supplied  "by  a  new  16"  main  to  lie  in  Eforth 
Prospect  Avenue,  extending  from  the  pumping 
station  north  to  the  intersection  of  Sitley 
Ave.  this  main  to  "be  combined  with  the  old  6" 
main  now  laid  in  Horth  Prospect  Avenue.  Be- 
ginning at  this  point  a  12"  main  is  required 
and  will  extend  to  a  point  1550  feet  north  of 
Sibley  Avenue,  and  a  6"  main  will  Tae   laid  in 
Prospect  Avenue  to  extend  from  this  point  to 
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the  north  city  limits  and  to  connect  with  a 
6"  main  to  lie  laid  the  full  length  of  the 
north  city  limits. 

That  part  of  Section  two  lying  north  of 
Sit ley  Avenue  and  west  of  Prospect  Avenue  is 
divided  into  two  suli -divisions.  Sut -divisions 
one  contains  the  area  lying  between  Sitley  Ave» 
on  the  south  and  a  line  parallel  to  Si"bley  Ave, 
and  1550  feet  north  of  Silsley  Avenue  on  the 
north,  and  lietween  Prospect  Ave.  on  the  east 
and  Western  Avenue  extended  on  the  west.  This 
area,  containing  159  acres,  and  requiring 
415,500  gallons  per  ten  hour  day,  will  "be  sup- 
plied "by  a  new  8"  main  in  Si^iley  Avenue  and 
to  extend  from  the  intersection  of  Prospect 
Avenue  and  Sitiley  Avenue  to  the  intersection 
of  Greenwood  Avenue  extended  and  Sit ley  Ave. 
This  main  to  "be  combined  with  the  old  6"  main 
now  in  Sitley  Avenue,  extending  from  Prospect 
Avenue  to  Meacham  Avenue.  A  6"  main  is  to  te 
laid  in  Sitley  Avenue  to  extend  from  Greenwood 
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Avenue  extended  to  the  intersection  of 
Western  Avenue  extended,  and  is  to  connect 
with  a  6"  main  to  te  laid  the  full  length  of 
Western  Avenue  extended  and  Western  Avenue. 
Sut-division  two,  contains  the  area  lying  be- 
tween the  line  parallel  to  Sibley  Avenue  and 
1550  feet  north  of  Sibley  Avenue  and  the  north 
city  limits  and  between  Prospect  Avenue  and 
Western  Avenue  extended.  This  area,  contain- 
ing 100  acres,  and  requiring  275,000  gallons 
per  ten  hour  day,  will  be  supplied  by  a  main 
similar  to  the  main  proposed  for  Sibley  Ave. 
This  main  to  be  laid  along  the  line  parallel 
to  Sibley  Avenue  and  lying  1550  feet  north  of 
Sibley  Avenue.  A  system  of  4"  lateral  mains 
will  be  fed  from  this  system  of  pressure  mains 
to  give  the  required  quantity  of  water  to  each 
lot  and  to  give  the  required  pressure  for  fire 
hydrants. 

Section  three,  containing  EOO  acres,  and 
requiring  550,000  gallons  per  ten  hour  day. 
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will  "be  supplied  "by  a  10"  main  in  Center 
Street,  extending  from  the  pumping  station 
east  to  a  point  660  feet  east  of  Washington 
Street*  A  6"  main  will  extend  in  Center  St. 
from  this  point  to  the  intersection  of  the 
east  city  limits  and  it  will  connect  with  a 
6"  main  to  "be   laid  along  the  full  length  of  the 
east  city  limits.  From  the  point  in  Center  St» 
660  feet  east  of  Washington  Street,  a  10" 
pressure  main  will  extend  north  to  a  line 
parallel  to  Washington  Street  to  the  inter- 
section of  Elm  Street  extended.  The  part  of 
Section  three  north  of  Elm  Street,  containing 
120  acres,  and  requiring  230,000  gallons  per 
ten  hour  day,  will  "be   supplied  Tjy  an  8"  pres- 
sure main  to  "be   laid  on  a  line  parallel  to 
Washington  St,  and  660  feet  east  of  Washing- 
ton Street  from  the  intersection  of  this  line 
with  Elm  Street  extended  to  the  intersection 
of  this  line  and  Sitley  Avenue  extended,  A 
6"  main  will  "be  laid  along  this  same  line  ex- 
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tending  from  Sitley  Avenue  extended  to  the  in- 
tersection of  this  line  with  the  north  oity 
limits  and  will  connect  with  a  6"  main  to  "he 
laid  along  the  north  city  limits.  A  6"  main 
will  "be  laid  along  a  line  660  feet  east  and 
parallel  to  Washington  Avenue,  extending  from 
the  intersection  of  this  line  and  Center  St. 
to  the  intersection  of  the  atove  line  and 
Park  Avenue.  A  system  of  4"  lateral  mains  are 
to  "be  fed  Taj   this  system  of  pressure  mains  to 
give  the  required  quantity  of  water  to  each  lot; 
and  required  pressure  for  fire  hydrants. 

Section  four,  containing  240  acres,  and  re 
quiring  660,000  gallons  of  water  per  ten  hdur 
day,  will  "be  supplied  by  a  new  8"  main  begin- 
ning at  the  pumping  station  and  extending 
southwest  in  Prospect  Ave.  to  the  intersection 
of  Prospect  Ave.  and  Courtland  Ave.  This  main 
will  "be  combined  with  the  old  6"  main  now  in 
south  Prospect  Ave.  Beginning  at  the  intersec- 
tion of  south  Prospect  Ave.  and  Courtland  Ave. 
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a  10"  main  will  T3e  laid  in  Courtland  Ave.  ex- 
tending from  Prospect  Ave.  to  Belle  Plaine  Ave, 
and  an  8"  main  will  te  laid  from  Belle  Plaine 
Ave  to  4tli  Ave.,  and  a  6"  main  from  4tli  Ave.  to 
the  south  city  limits.  Ihis  main  will  connect 
to  a  6"  main  to  be  laid  in  the  south  city  limits 
extending  from  the  intersection  of  the  south 
city  limits  to  Chicago  Boad  east  to  the  inter- 
section of  the  east  city  limits,  a  6"  pressure 
main  will  be  laid  in  2nd.  Ave.  extended  from 
Courtland  Ave, to  the  intersection  of  Cumberland 
Ave.  extended,  and  it  will  connect  at  this  point 
with  a  6"  main  to  be  laid  in  Cumberland  Ave, 
extended,  from  Belle  Plaine  Ave,  to  the  inter- 
section of  3rd.  Ave,  extended.  A  system  of  4" 
lateral  mains  will  be  fed  by  this  system  of 
pressure  mains  to  give  the  required  qaantity 
of  water  to  each  lot,  and  the  required  pres- 
sure at  fire  hydrants. 

Section  five,  containing  220  acres,  and 
requiring  605,000  gallons  of  water  per  ten 
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hour  day,  t^III  le   supplied  "by  a  10"  pressure 
main  in  east  Park  Ave.  beginning  at  the  pump- 
ing station  and  extending  southeast  to  the  in- 
tersection of  a  line,  at  right  angles  to  Park 
Ave,  and  extending  from  the  intersection  of 
south  Washington  Ave.  with  the  C.  5:  IT.W.  ?..R.  b® 
to  Park  Ave.  A  6"  main  will  "be  laid  in  Park 
Ave.  extending  from  the  10"  main  to  te  laid  in 
ParJ:  Avenue  to  the  intersection  of  the  east  ci- 
ty limits,  and  connecting  with  a  6"  main  to  "be 
laid  along  the  east  city  limits.  A  10"  pressure 
main  will  lie  laid  along  a  line  at  right  angles  ; 
to  Park  Avenue  from  the  end  of  the  10"  main 
to  "be   laid  in  Park  Avenue  and  extending  south 
west  along  this  line  to  the  intersection  of 
south  Washington  Avenue,  thence  south  in  South 
Washington  Avenue  to  the  intersection  of  Belle 
Plaine  Avenue,  and  an  8"  main  will  "be  laid  fron 
Belle  Plaine  to  4th  Avenue,  and  a  6"  main  from 
4th  Avenue  to  the  south  city  limits,  and  connect- 
ing with  a  6"  main  to  "be  laid  along  the  south 
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city  limits,  A  system  of  4"  lateralsmains  will 
"be  fed  "by  this  system  of  pressure  mains  to 
give  the  required  quantity  of  water  to  each 
lot,  and  the  required  pressure  at  fire  hydrants. 
3.  Design  of  the  Distributing  Systemj- 

The  capacities, 
velocities  and  the  diameters  of  the  various 
pipes  were  determined  "by  the  use  of  Williams 
and  Hazen  Hydraulic  Taliles.  These  ta"bles 
are  tased  upon  the  Chezy  formula,  viz.. 


V -  C  z  1/  Fs~ 

Where     V  ^  velocity  in  feet  per  second, 

S  -  hydraulic  slope. 

E  ^  hydraulic  radius  in  feet. 

C  -  factor. 

The  value  of  the  factor  C  is  an  approximation 
to  a  constant,  but  depends  upon  the  roughness 
of  the  pipe,  and  upon  the  hydraulic  radius 
and  the  slope.  The  values  of  C  used  in  these 
ta"bles  were  obtained  from  experiments  made  up- 
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on  different  ages  of  cast  iron  pipe.  The  va- 
lue of  C  used  in  this  design  was  taken  as 
120  because  this  value  is  the  average  under 
workalale  conditions.  This  value  is  used  for 
pipes  four  to  five  years  old. 

An  example  will  lie  given  showing  the  meth- 
od and  procedure  in  the  determination  of  the 
sizes  of  mains  and  the  amount  of  terminal  pres- 
sure in  any  main.  This  will  "be  done  "by   explain- 
the  tatle  that  is  accompanying  this  Thesis, 

A  water  system  for  a  residence  district 
must  be  able  to  supply  two  fire  streams  of  E50 
gallons  per  minute  at  every  fire  hydrant.   In 
order  to  do  this,  every  4"  main  must  be  connect- 
ed so  as  to  be  fed  by  at  least  a  4"  main  at 
both  ends,  as  one  4"  main  will  deliver  only 
one  fire  stream.  Therefore,  there  can  be  no 
dead  end  mains  in  the  city.  It  is  not  an  econom- 
ical design  to  have  a  4"  main  over  one-quarter 
of  a  mile  in  length,  as  the  head  loss  in  fric- 
tion in  a  pipe  longer  than  this  becomes  too  great 
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For  this  reason  all  laterals  over  one -quar- 
ter of  a  mile  in  length  will  te  made  6"  pipe* 

The  method  of  calculating  and  the  amount 
of  water  to  "be  supplied  "by  each  pipe  has  "been 
explained.  For  an  example  to  explain  the  meth- 
od followed,  the  design  of  the  pressure  main 
in  Center  Street  will  Tae  given  • 

The  total  area  supplied  "bj   this  main  ia 
475  acres,  which  require  1,300,000  gallons 
of  water  per  ten  hour  day.  The  Williams  and 
Hazen  Hydraulic  Tallies  give  discharges  "based 
upon  twenty-four  hour  day  consumption,  and  in 
order  to  use  these  tallies  the  discharges  tased 
uponten  hour  day  consumption  must  "be  multiplied 
"by  2.4  therefore,  a  discharge  of  1,300,000  gal- 
lons per  ten  hour  day  is  equivalent  to  a  dis- 
charge of  3,1EO,000  gallons  per  twenty-four 
hour  day.   There  is  a  6"  main  now  laid  in  Cen- 
ter St.  which  will  carry  part  of  this  required 
discharge.  By  referring  to  Williams  &  Hazen's 
Ta'bles  (page  24)  it  is  seen  that  for  an  assumed 
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velocity  of  3,55  feet  per  second,  a  6"  main 
will  carry  450,000  gallons  per  twenty-four 
hoars.  If  this  amount  is  subtracted  from  the 
total  amount,  the  net  quantify  of  2,670p00 
per  twenty-four  hours  is  obtained.  By  refer- 
ring to  Williams  &  Hassen's  Tables  (page  28) 
it  is  seen  that  a  16"  main  will  carry  a  dis- 
charge of  2,800,000  gallons  per  twenty-four 
hours  with  a  velocity  of  3,10  feet  per  second, 
For  a  constant  C  equal  to  120  it  is  seen  that 
the  head  loss  in  feet  due  to  friction  per 
1000  feet  of  pipe  for  this  diameter  of  pipe 
and  this  velocity  equals  2,49,  By  referring 
to  the  map  it  is  seen  that  the  most  economi- 
cal place  to  decrease  the  diameter  of  this 
main  is  at  the  intersection  of  Center  St,  and 
south  Clifton  Avenue  where  the  previously  de- 
termined location  for  pressure  main  in  Clif- 
ton Ave,  will  intersect  the  larger  pressure 
main.  This  fixes  the  length  of  the  first 
piece  of  pipe  at  2600  feet  from  the  pumping 
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station  to  Clifton  Ave,  and  the  length  of  the 
remainder  of  the  pipe  at  2000  feet  from  Clif- 
ton Ave.  to  Western  Avenue.  Therefore  ,  of 
2600  feet  the  head  loss  in  friction  is  2.6  x 
2.49,  which  equals  6.5  feet.  By  referring 
to  Contour  Map,  it  is  seen  that  the  street 
level  at  the  intersection  of  south  Clifton  Ave, 
and  Center  Street  is  twenty-one  feet  lower 
than  the  street  level  at  the  pumping  station. 
The  pressure  head  at  the  "beginning  of  the  pipe 
is  100  feet,  due  to  the  height  of  the  storage 
tank;  the  pressure  head  at  the  end  of  the  pipe 
line  will  equal  100  feet  plus  21  feet  minus 
6.5  feet  which  is  equal  to  114,5  feet,  "by  re- 
ferring to  the  taTjles  (page  27)  it  is  seen 
that  a  12"  main  would  give  a  discharge  (kf 
2,800,000  gallons  per  twenty-four  hours,  but 
the  head  loss  in  2600  feet  would  "be  equal  to 
26  feet,  which  would  decrease  the  head  at  the 
end  of  the  pipe  to  95  feet.  This  would  give 
too  low  a  head  at  the  end  of  the  next  section 
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of  pipe.  Therefore,  the  16"  pipe  is  the 
most  economical  size  and  will  Tae   used. 

The  second  length  of  pipe  extending  from 
south  Clifton  Avenue  to  Greenwood  Avenue  is 
700  feet  long.  This  is  done  liecause  the  re- 
quired discharge  will  "be  decreased  consider- 
ably "between  Clifton  Ave.  and  Western  Ave. 
on  account  of  the  several  street  intersections. 
This  pipe  will  "be  maffe  in  several  sections. 
The  total  area  to  "be  supplied  "by  the  second 
pipe  equals  425  acres,  which  require  1,170,000 
gallons  per  ten  hour  day,  or,  2,800,000  gallons 
per  twenty-four  hours.  Thereis  an  old  6"  main 
now  laid  in  Center  Street  extending  to  Green- 
wood Avenue  and  it  will  carry,  as  determined 
a"bove,  450,000 'gallons  per  twenty-four  hours. 
This  leaves  a  net  quantity  of  2,350,000  gallons 
per  twenty-four  hours.  Referring  to  the  ta"bles 
(page  27)  it  is  seen  that  a  12"  pipe  will  carry 
2,400,000  gallons  per  twenty-four  hours  at  a 
velocity  of  4.75  feet  per  second,  For  a  con- 
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Btant  C  equal  to  120, the  head  loss  in  feet  per 
thousand  feet  of  length  is  7.6  therefore,  the 
total  head  loss  will  equal  7.6  x  .7,  which 
equals  5,3  feet.  Referring  to  the  Contour  Map 
it  is  seen  that  the  difference  of  elevation 
tetween  Greenwood  Avenue  and  south  Cliftion 
Avenue  Ofi  Center  Street  is  1.5  feet.  The 
pressure  at  the  "beginning  of  this  section  of 
pipe  is  114.5  feet.   The  pressure  at  the  end 
of  the  pipe  will  equal  114,5  plus  1.5  minus 
5.3  which  equals  110.7. 

The  third  piece  of  pipe  will  extend  from 
Greenwood  Avenue  to  Lincoln  Avenue  on  Center 
Street  and  is  660  feet  long.  The  total  area 
to  "be  supplied  "by  this  pipe  is  240  acres,  re- 
quiring 666,000  gallons  per  ten  hour  day  or 
1,586,000  gallons  per  twenty- four  hours.  There 
is  no  old  main  in  Center  Street  at  this  point 
and  the  new  main  must  "be  designed  to  carry  the 
whole  quantity.  Referring  to  the  tables  (page 
26)  it  is  seen  that  a  10"  pipe  will  carry 
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1,600,000  gallons  per  twenty-four  hours  at  a 
velocity  of  4,54  feet  per  second.  For  a  con- 
stant C  equal  to  lEO,  the  head  loss  in  feet  per 
thousand  feet  of  length  is  equal  to  8,7, 
Therefore,  the  total  head  loss  in  the  pipe  is 
equal  to  8,7  x  ,66  which  equals  5,75  feet,  Re- 
ferring to  the  Contour  Map  it  is  seen  that  the 
difference  of  elevation  "between  Lincoln  Avenue 
and  Greenwood  Avenue  equals  1  foot.  The  pres- 
sure head  at  the  "beginning  of  the  pipe  equals 
110,7  feet  and  the  pressure  at  the  end  will  e- 
qual  110.7  plus  1  minus  5,7  which  equals  106  feit. 

The  fourth  piece  of  pipe  will  extend  from 
Lincoln  Avenue  to  Western  Avenue  and  will  "be 
660  feet  long.  The  total  area  to  "be  supplied 
Tjy  this  pipe  will  equal  120  acres,  which  re- 
quire 330,000  gallons  per  ten  hour  day  or, 
800,000  gallons  per  twenty-four  hours.  Refer- 
ring to  the  ta"bles  (page  25)  it  is  seen  that 
an  8"  pipe  will  carry  8Q0,000  gallons  per  twen- 
ty -four  hours  at  a  velocity  of  3,55  feet  per 
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second*  For  a  constant  C  equal  to  120,  the 
head  loss  in  feet  per  thousand  feet  of  length 
is  7.1,  therefore, the  total  head  loss  will 
equal  7.1  x   .66  which  equals  4,7  feet.  Refer- 
ring to  the  Cojtntour  Map  it  is  seen  that  the 
difference  in  elevation  Tietween  Greenwood  Aye, 
and  Western  Avenue  is  practically  zero.  The 
pressure  head  at  the  "beginning  of  the  pipe  is 
106.0  feet,  and  the  pressure  head  at  the  end 
will  "be  equal  to  106.0  plus  zero  minus  4.7 
which  equals  101.3  feet, 

The  pressure  head  at  the  furthermost  point 
at  which  water  will  "be  distriliuted  from  this 
pipe  must  "be  checked  to  determine  whether  it 
is  "below  the  minimum  allowed.  This  point  is  at 
the  intersection  of  Western  Avenue  extended 
and  the  south  city  limits  extended.  A  four 
inch  main  will  "be  laid  in  Western  Avenue  ex- 
tended from  Chicago  Eoad  to  the  south  city  li- 
mits. A  6"  main  is  to  le   laid  in  Western  Ave. 
from  Center  Street  to  Chicago  Hoad,  as  has 
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previously  Taeen  determined.  The  length  of  the 
6"  pipe  equals  3280  feet,  and  EOOO  feet  of  the 
4"  pipe.  The  6"  pipe  is  assumed  to  carry 
350,000  gallons  per  twenty-four  hours  at  a  ve- 
locity of  E,76  feet  per  second.  The  head  loss 
in  feet  per  1000  feet  length  equals  6.3,  there- 
fore, the  total  head  loss  will  equal  6,3  x  3.28 
which  equals  20,5  feet,  Referring  to  the  Con» 
tour  Map,  it  is  seen  that  the  difference  of  ele- 
vation of  the  ends  of  the  pipe  is  minus  3,5  feet. 
The  pressure  head  at  the  "beginning  of  the  pipe 
equals  101,3  feet,  therefore,  the  head  at  the 
end  of  the  pipe  will  equal  101,3  plus  3,5  minus 
20,6  which  equals  84,2  feet,  Referring  to  the 
tables  (page  22)  it  is  seen  that  a  4"  pipe  with 
an  assumed  velocity  of  2,55  feet  per  second 
will  carry  144,000  gallons  per  twenty-four 
hours,  and  the  head  loss  in  feet  per  1600  feet 
length  of  pipe  equals  8.8,  therefore,  the  to- 
tal head  loss  will  equal  8.8  x2,  which  equals 
17,6  feet,  Referring  to  the  Contour  Map  it  is 


-30  - 


seen  that  the  difference  in  elevation  of  the 
two  ends  equals  minus  3  feet.  The  pressure 
head  at  the  beginning  equals  84,2  feet,  and 
the  pressure  head  at  the  end  equals  84, E  plus 
3  minus  17,6  equals  7£,1  feet.  The  fore -go- 
ing method  of  procedure  was  followed  in  the 
design  of  all  the  mains,  and  the  tabulated 
results  accompany  this  thesis. 

4,  Location  of  Hydrants  and  Gate  Valves :- 
A  resident  district  the 
size  of  the  City  of  Park  Eidge  requires  at 
least  two  250  gallon  per  minute  fire  streams 
to  te  permitted  at  any  time,  Referring  to 
Turneaure  &  fiussell  on  "Put lie  Water  Supplies" 
(Tatle  50,  page  250)   it  is  seen  that  the  max- 
imum length  of  2|-'*  fire  hose  to  deliver  this 
amount  of  water  at  the  low  hydrant  pressure 
that  are  o"btaina"ble  ydth  the  present  equipment 
is  200  feet,  For  this  reason  the  fire  hydrants 
must  "be  sufficiently  numerous  and  so  located  as 
to  meet  these  requirments.  As  two  fire  streams 
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are  to  te  supplied  from  each  hydrant,  only 
two  way  hydrants  will  be  installed.  All  hydrants 
used  will  te  4"  double  nozzle  type,  '^he   hy- 
drants will  "be  located  at  all  street  intersec- 
tions, and  at  the  center  of  all  streets  along 
which  water  mains  are  to  be  laid,  that  are 
over  200  feet  in  length.  The  hydrants,  as  far 
as  possible,  will  be  installed  alternately  up- 
on opposite  sides  of  the  streets.   The  posi- 
tions of  all  hydrants  are  shown  on  the  map. 

Standard  gate  valves  are  to  be  installed 
in  the  system  in  such  a  manner  that  every 
block  may  be  entirely  shut  off,  for  the  pur- 
pose of  repairs,  connection,  etc.  The  valves 
placed  at  the  street  intersections  will  be  in- 
stalled in  the  smaller  pipes  where  ever  it  can 
be  done,  in  order  to  reduce  the  cost.  The 
location  of  all  valves  is  shown  on  the  map. 
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III.   Investigation  of  the  Present  Supply, 

The  City  of  Park  Eidge  is  now  teing  sup- 
plied by  two  1000  feet  Artesian  wells, one  of 
which  is  an  8"  well  having  a  plunger  pump, 
pumping  200  gallons  per  minute,  and  the  other 
a  IE"  well  also  with  a  plunger  pump,  pumping 
400  gallons  per  minute  into  an  elevated  tank 
which  has  a  capacity  of  100,000  gallons.  The 
area  supplied  "by  the  present  system  of  mains 
equals  600  acres,  which  would  require  1,650,000 
gallons  per  ten  hour  day.   However,  the  pre- 
sent population  is  only  3600,  according  to  the 
latest  census,  which  shows  that  the  total  area 
supplied  is  not  tuilt  up  in  proportion  to  the 
rates  used  in  the  calculation.  The  total  num- 
ber of  gallons  required  per  ten  hour  day  for 
a  population  of  3600  equals  396,000  gallons. 
The  present  pumps  will  pump  36,000  gallons 
per  hour  and  if  pumped  11  hours  will  supply 
396,000  gallons,  which  shows  that  they  meet 
the  demands  of  the  present  population. 
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lY.   Investigation  of  the  Future  Supply, 
1.  for  10  Year  Growth :- 

It  is  assumed  that  in 
10  years  the  present  600  acres  now  being  sup- 
plied will  have  tuilt  up  at  the  rate  of  twen- 
ty-five people  per  acre,  and  it  is  also  as- 
sumed that  the  360  acres  just  outside  of  the 
present  system  will  have  "built  up  at  the  rate 
of  ten  people  per  acre.  Therefore,  the  total 
water  needed  for  this  assumed  growth  will  "be 
as  follows:  The  600  acres  at  twenty-five  peo- 
ple per  acre,  using  110  gallons  per  day,  will 
require  1,650,000  gallons  per  day,  and  the  360 
acres  at  ten  people  per  acre,  using  110  gallons 
per  day,  will  require396,000  gallons  per  day. 
The  total  amount  needed  will  equal  2,046,000 
gallons  per  day. 

The  city  is  at  present  contemplating  re- 
placing the  old  style  plunger  pumps  now  in  use, 
with  more  efficient  types,  such  as  centrifugal 
or  air-  lift  pumps.  These  newer  types  will 
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draw  300  gallons  per  minute  from  the  8"  well 
and  600  gallons  per  minute  from  the  12"  well. 
In  addition  to  these  two  wells,  a  new  well 
must  "be  sunk  in  order  to  supply  the  required 
numter  of  gallons  for  the  assumed  ten  year 
growth.  The  most  practical  procedure  would 
te  to  sink  two  16"  wells  from  which  a  lift 
pump  could  draw  1200  gallons  per  minute  from 
each  well.  With  all  the  pumps  working  the 
numlier  of  gallons  per  minute  would  equal  5300 
gallons,  viz.,  300  gallons  per  minute  from  the 
8"  well,  600  gallons  per  minute  from  the  12" 
well  and  2400  gallons  per  minute  from  the  two 
16"  wells.  If  these  pumps  were  operated  for 
ten  and  a  half  hours  they  would  supply  a  total 
of  2,050,000  gallons,  which  would  meet  the  re- 
quirements of  the  assumed  10  year  growth, 

2.  S'or  Fiill  Growth  and  Extended  City  Limits, 
It  is  assumed  that  the  full  future 
growth  will  cover  the  entire  1600  acres  in- 
cluded within  the  extended  limits  of  the  city 
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and  will  "be  fully  "built  up  at  the  late  of 
twenty-five  people  per  acre.  The  total  a- 
mount  of  water  required  will  "be  4,400,000 
gallons  per  day.  This  will  require  an  addi- 
tional 16"  well,  supplying  1200  gallons  per 
minute.  The  five  wells  working  at  the  same 
time  will  pump  4500  gallons  per  minute  and  if 
operated  for  sixteen  and  a  half  hours  they 
will  supply  4,455,000  gallons,  which  will 
easily  supply  the  required  numlier  of  gallons 
for  the  assumed  future  growth* 

If  one  of  the  pumps  were  disa"bled,  tak- 
ing for  an  example  the  16"  ,  the  remaining 
pumps  will  supply  3300  gallons  per  minute, 
and  if  operated  for  twenty-two  and  a  half 
hours  they  would  supply  4,455,00  gallons 
which  would  meet  the  required  amount. 
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V.  Investigation  of  the  Capacity 
and  size  of  the  Elevated  Tank, 

!•  Present  Demand :- 

The  majority  of 
cities  the  size  of  Park  Ridge  cannot  afford 
to  operate  their  pumps  for  twenty-four  hours 
and  for  this  reason  it  becomes  necessary  to 
install  a  storage  tank.  The  storage  tank  must 
"be  large  enough  to  contain  sufficient  water 
for  domestic  and  fire  purposes.  The  total  con- 
sumption required  under  the  present  conditions 
is  396,000  gallons  at  39,600  gallons  per  hour 
needed  for  domestic  use.  Assuming  two  firec 
streams,  requiring  250  gallons  per  minute  and 
assuming  they  are  operated  for  four  hours, 
they  will  require  a  total  of  120,000  gallons. 
The  tank  should  lie  of  such  capacity  as  to  hold 
in  storage  the  total  amount  of  water  required 
for  domestic  use  and  for  fire  purpose,  su"b- 
tracting  the  domestic  use  for  the  four  hours 
during  which  the  fire  streams  are  in  operation 
as  it  is  assumed  that  the  pumps  will  supply  the 
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domestic  use.  Therefore,  the  capacity  of  the 

tank  should  he  as   follows: 

Two  fire  streams  require       120,000  Gal, 

Jour  hours  of  domestic  use      158,400  " 

Total      278,400  Gal. 

Four  hours  of  pumping.at 

600  gal.  per  minute  _144^000Gal. 

Total  tank  capacity  equals      134,400  Gal. 

The  tank  now  in  use  is  a  Chicago  Bridge 
and  Iron  Works  Standard  tank,  having  a  cap- 
acity of  100,000  gallons.  It  is  seen  that 
this  tank  is  greatly  inadequate  to  .supply 
the  atiove  conditions  designed  for  it,  Up 
to  this  time,  the  tank  has  Taeen  serving  the 
present  demands  and  protatly  will  serve  for 
some  time  to  come  under  the  present  conditions 
it  has  lieen  suljjected  to,  inasmuch  as  it  has 
never  lieen  subjected  to  a  four  hour  drain 
for  fire  purposes. 

2.  For  10  Year  Demand :- 

The  total  amount  of  wa- 
ter required  for  an  assumed  future  growth 
of  ten  years  equals  2,045,000  gallons,  or. 
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264,000  gallons  per  hour.  It  will  te  assumed 

that  six  fire  streams  will  "be  required  for  four 

hours.  The  four  pumps  supply  3300  gallons  per 

minute  and  three  pumps  will  supply  2100  gallons 

per  minute.  The  maximum  tank  capacity  required 

is  as  follows: 

Six  fire  streams  require      360,000  Gal. 

i'our  hours  of  domestic  use    818,400  " 

Total     1,178,400  Gal. 

Four  hours  of  pumping  at 

2100  Gal,  per  minute      504^000  " 
Total  tank  capacity  equals    674,400  Gal. 

Since  the  aljove  quantity  of  water  is  tased  upon 
only  three  pumps  working,  and  they  must  "be  op- 
erated for  16|-  hours  in  order  to  supply  the  do- 
mestic use,  the  tank  must  te  of  such  capacity 
to  hold  the  quantity  of  water  that  three  pumps 
can  deliver  in  6|-  hours  and  the  required  de- 
mand for  domestic  use  for  10  hours.  For  this 
reason  the  capacity  of  the  tank  required  will 
have  to  "be  figured  according  to  the  above  me- 
thod^ , which  is  as  follows: 
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Six  fire  streams  require  350,000  Gal. 

Ten  hours  domestic  use  2^046.000  " 

Total  2,406,000  Gal. 

Ten  hours  of  pumping  at 

2100  gal.  per  minute  1.260.000   " 

Total  tank  capacity  equals  1,146,000  Gal. 


It  would  hot  "be  economical  to  "build  and 
maintain  an  elevated  storage  tank  of  this  large 
capacity,  therefore,  some  other  method  will 
have  to  te  used.  The  system  that  would  most 
readily  adapt  itself  would  "be   a  surface  reser- 
voir into  which  the  water  may  "be  directly 
pumped  from  the  wells.  Centrifugal  pumps  may 
Tje  used  to  pump  the  water  from  the  reservoir 
directly  into  the  mains.  This  system  would 
require  the  pumps  to  work  twenty-four  hours 
a  day  in  order  to  keep  the  required  pressure 
in  the  mains. 

3.  ffull  Growth  to  the  Extended  City  Limits: 
The  total  amount  of  water  re- 
quired for  an  assumed  final  growth  equals 
4,400,000  gallons  for  ten  hour  day,  or  440,000 
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gallons  per  hour.  It  will  "be   assumed  that 

10  fire  streams  will  te  required  for  four 

hours.  The  number  of  pumps  required  to  supply 

this  quantity  was  given  atove  as  five,  and 

they  are  capalile  of  delivering  4500  gallons 

per  minute,  or  if  only  four  pumps  are  working 

they  would  deliver  3300  gallons  per  minute. 

The  maximum  tank  capacity  for  this  condition 

would  "be  equal  to  the  following: 

Ten  fire  streams  require     600,000  Gal, 

your  hours  of  domestic  use  1,760,000  " 

Total  2,360,000  Gal, 

Four  hours  of  pumping 

3300  gal.  per  minute  .  792.000  " 
Total  tank  capacity  equals  1,568,000  Gal, 

The  capacity  of  the  tank  must  also  Tie  deter- 
mined to  take  care  of  the  difference  between 
the  amount  required  for  domestic  use  per 
hour  and  the  rate  of  pumping  per  hour.  This 
determination  is  as  follows :- 
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Ten  fire  streams  require  500,000  Gal, 

Ten  hours  domestic  use  4^400^000  " 

Total  5,000,000  Gal, 

Ten  hours  of  pumping 

at  3300  gal,  per  minute  1^980^000  " 
Total  tank  capacity- 
required  3,020,000  Gal. 


A  surface  reservoir  of  this  capacity  will  lie 
required,  and  centrifugal  pumps  should  Tje 
used  to  pump  the  water  from  the  reservoir 
into  the  mains. 
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DESIGN    OF    A      WATER     SUPPLY     SYSTEM     FOR     PARK     RIDGE,    ILL. 
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